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TESTS OF LEAbLbﬁonzm BEARINGS.IN THE DVL
BEARING-TESTING MACHINE*

By G. Fischer
SUMMARY

The lead-bronze bearlngs tested in the DVL bearing-

testing machine have proven themselves very sensitive to

" load changes as in comparison with bearings of .light

. metal. In order to prevent surface injuries and conse-
quently running interruptions, the increase of the load
has to be made in small steps with sufficient run-in time

gbetween steps. The absence of lead in the running surface,
impurities in the alloy (especially iron) and surface
irregularities (pores) decrecases the load~- -carrying capac-
ity of the bearing to two or three times that of the
static load.

At the ecxpiration of the 100~hour endurance run
(p = 250 kg/cm®) only two alloys with favorable lead dis-
tribution and low amount of impurities showed themselves
to be in perfect running condition. Practically all other
bearings were ruined by the formation of deep scorings and
cavities. Heavy scar formations are especially noticeable
on bearings with typical dendritical grain structure. Pre-
mature forming of scars is caused chiefly by shrinkage and
guenching which will create internal stresses within the
lead~bronze layer,

The duration of the run-out time after the discon-
tinuance of the lubrication.up to the time of the function=’
ing of the automatic stop of the machine, varies, according
to several tests from several seconds to a few minutes.

" Short run-out times were noticed in all first "dry runs?.
in which temperatures necessary to operate the cutting out
of the test machine were reached before a sufficient quan-
tity of lead was melted.

*"Untersuchung von Bleibronze-Ausgiissen in der DVLJiager-
prifmaschine." TLuftfahrtforschung, vol, 16, no. 7,
July 20, 1939, pp, 370-383, o
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Tests have been made on 12 lead-bronze alloys, sup-
plied by five manufacturers, with lead content of between
1 and 24 percent on running characteristics with hardened
and tempered shaft ends on the DVL bearing-testing machine.

I. INTRODUCTION

Lead=bronze bearing materials have, in spite of seri-
‘gus faults, held their own as materials for high<-performance
aircraft main bearings. To overcome lack of distribution,
porosity, and inclusions, complicated melting and casting
methods are needed, The difficulties are, up  to today, not
entirely solved and are subject to broad metallurgical study
(reference 1), Purthermore, in the last few years a multi-
tude of light-metal bearing materials have been developed
with which no satisfactory performance has been accomplished
in practical use under maximum thermal or mechanical condi-
tions. As long as the question of materials for high-per-
formance bearings is not entirely solved, an effbrﬁ should

" be made to improve the manufacturing conditions for lead-

bronze materials, ]

B The following studies, which have been conducted on
"thé DVL bearing—testing machine with special reference to
~existing pressure conditions of aircraft-enginé main bear-
ings, give additional information to the question of the
load factor of lead-bronze bonds and give suggestions for
further development of these bearing materials.

II. TESTED BEARING MATERIALS

For the tests, lead-bronzeé forms cf different origin
and with lead content of 20 and 40 percent were provided.
Tsble I contains the list of the tested lead-bronze mate-
rials with details of their chemical analysis and their
degree of hardness. The hardness test was mader on samples
of the prefabricated bearings which had a bond thickness
of between 1 and 1-1/2 mm. Bearings made of alloy 20 V
and 40 V were not available for hardness test in the de-
livery stage. Figures 3 to 15 show lead distribution of
the cast parts in ground sections parallel to the bearing
axis.

The influence of the lead content on the hardness of
the material cast into the bearing cannot be immediately
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obtained from data of table I. @ However, in figure 1, a
"decrease..of:. hardness with increasing lead .content can be
recognized in spite of the greatly scattered values. - It
is significant that the upper limits were found to have

a ‘greater, the lower mostly a smaller content of Sn + Sb
4+ Remainder.. (See ‘table :I.) . Also, the lead~-bronze alloys
tested by Hensel. and Tichvinsky (reference 2) show in fig~
. ure 2.a clear increase of hardness with ihcrease of com=

- ponent elements outslide of lead and coppers : These few
impurities, therefore, must: contain strong. hardening char-
acteristics., .Nickel, according to Wecker and Nipper (ref-
erence 3) influences hardness only in combination with Sn
and Mn. It should also be noticed that the hardness 1is
affected by the cooling conditions after casting. The
above authors determined a Brinell hardness of 44 kg/mm?
for sand castings and 51 kg/mm2 for form castings with a
lead=bronze alloy of practically the chemical analysis
(75.5 Cu, 17.5 Pb, 3.5 Sn, 3.5 Sb) Corresponding harden=-
ing differences can be noticed in figure 2. Otherwise,
the scatterlng of the hardness values in figuresl and 2
are-due te irregularities in the lead distribution. As
given in table I, the hardness of the castings tested at
1500 ¢ is between 3.8 and 8.5 Brinell (corresponding

to 11 to 27 percent) lower than. at room temperature.

Based on the existing test and experience, high-per-
forning lead-bronze bearings should show a uniform lead
distribution with fine globular grain of the inclusions.

As illustrated in figures 3 to 15 (showing only 40 mm long
etched cuts of the materials), this condition is present
only in the castings of low lead content as 20 I to 20 1V,
Still, these illustrations do not show the regular or fine=-
globular, or the fine dendritical characteristics, of the
foreign bronze-lead alloys shown in figures 16 and 17. All
other castings rich in lead show more or less large zones
of inclusions or concentration of lead. . Alloys 30 I, 1II,
and IV, also 40 II and IV show particularly strong inclu-
sions which can be noticed even with the naked eye on the
running surface of the bearing. (See fige. 18 and 19.)

A relationship of lead distribution to impurities and the
contents of inclusions (nickel), respectively, is unimpor-
tant. It seems, therefore, that changes in graln are due
mostly to different. castings and cooling conditions. ZEven
with different alloys from the same source, gFeat varla-
tion of grain structures can be noticed. However, the manu=
facture of castings with a low 1ead content seens to give
'fewer difflculties.

The bondinb between bearing material and steel shell
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existed without exception over the whole length of the
cut. Only in alloys of group I a concentration of lead
-counld be observed occasionally near the binding zone.

Several of the delivered bearing shells showing
porosity and lead concentration were marked even by the
manufacturer as rejected. It 1s, therefore, to be as-
sumed that all other shells passed the inspection of the
manufacturing plents. To show the influence of imperfect
bearings on bearing condition, #522 - alloy 20 V, #531 -~
30 V, #2341 and #342 - 40 II, and #41 and #542 - 40 V,
were selected.

The above described lead-bronze bearings were tested
in conjunction with hardened and tempered, case—=hardened
and nitrided shaft ends which have already been descridbed
in reference 4. The hardness limits of different shaft
-ends appear again in the following table.

Identification|Surface condition|Vickers number
of material (20 kg load)
VCMo 140 Treated (ﬁ) 323 to 327
D 22 S L 363 to 373
EFD 67 G Case-hardened (E) 675 to 714
EGC Mo 80 o " 687 to 755
EFKM 54 Nitrided () ?77 to 791
N 54 G " 846

ITI. TEST CONDITION AND PROCEDURE

, The paper mentioned below (reference 4) describes at
length the test conditions for the experiments on the DVL
bearing-testing machine, so that this does not need to be
repeated.

In regard to the general trend of bearing development
in the aircraft industry, these tests were conducted not
only under dynamic pressure conditions, but also under
static load with rotating bearing and stationary shaft end.
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, Starting with the existing normal and extraordinary
v high<Toad-“factors, the following outline. of tests.-was.
followed:. . : o . ~ .

é) Fiﬁding of maximum limits of lead~bronze bearings.

b) Testing of running donditiﬁns during endurance
- test. ' ’

¢) Déterminéxion»of the emergency characteristics
- after interrupting of the o0il flow. »

For the examination of light-metal bearings (refer-
ence 4) during endurance tests, a mean bearing pressure
of 400 kg/cm® was selected. -This was reduced ‘to 250
keg/cm?® for lead-bronze bearings during endurance tests in
this case. This figure is frequently selected for air-
planc~engine nain bearings.

The thickness of the bearing surface, which was na-
chined with a diamond tool, was approximately Q5 mm, the
dianeter 60 mm, the width of the running surface 25 nm.
With these dimensions and an upper pressure limit of the
test machine of 7,500 kg, & mean surface pressure of 500
'kg/en® could be reached. All other test conditions were
equal to the light metal bearing experiments.

Bearing piay: 1 percent (0.06 mm).

'Speeds .5 mn/s {n = 1,600 rpm);'

Temperature: 120° C, measured near running sur-
face.

Lubrication: Preheated oil (90° - 100 c°j

"Stanavo 120" which was filtered
through felt and was injected on
the low pressure side of the

bearing at 4 to 5 attt (atm abs).

*

IV. TEST RESULTS

a) Bearing Limits under Static and Dynamic Load

To find the load limit after approximately two hours
running time, the bearing pressure was increased 100 kgfcm?
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each time, in some cases only 50 .kg/cm®. The load increase
from step to step should have been made within 1 to 2 min-
utes to conform with earlier experiments, but to prevent
the autornatic release of the machine during the higher load
factors, a longer time interval was necessary as a large
increase of energy results through disturbing the running
condition.

The bearings were all given a short examination as to
the condition of the running surface. Only porosity and
lead segregation could be noticed which influenced more or
less the running condition, dependeing on size and number.
In table II, the running-surface failures and injuries
before and after the test have TWeen tabulated and marked
with appraisal figures. The figures 18 to 28 of bearing
surfaces should serve as explanations of these data. As
is shown in table III, the greater part of the tested
bearings were not in satisfactory condition, Surface made
of alloy 30 I, II, IV, and 40 I, II, contained numerous
small and large lead segregations. Compare figures 18 and
19 and also the corresponding microphotograph figures, 7,

.8, 9, 11, and 12. The bearings 531, 541, and 542 of alloy

30 V and 40 V, which show great porosity, were included
in the test only to show the influence of this defect.

The lead-bronze bearings appear in contrast with
earlier light metal tests to be very sensitive to differ-~
ent loads, particularly under static load. In many cases,
a fast increase of power and bearing temperature could be
noticed even at the beginning of the load test. In the
case of disturbances of this kind, the load-speed had to
be reduced to prevent the automatic stop of the test ma-
chine from functioning,which would cause the destruction of
the bearing surfaces. In the case of bearing 1231 of alloy
20 III, the bearing pressure of 200 kg/cm2 could be reached
only .after 5 minutes. To increase this to 210 kg/cm® took
an additional 60 minutes, so that a further increase of
pressure was out of the question. From the diagrams, 29
and 30, in which the run-in time is shown in comparison
with bearing pressure on a few examples, it can be seen
that the run-in time depends mostly on the lubricating con=-
ditions. These again are dependent on the type of load
and the condition of bearing surface. The run-in time in-
creases very quickly on the rejected bearings (944, 331,
and 322) above 100 or 200 kg/cm2 as is shown in diagram 29.
This run-in time 1s finished between 200 and 230 kg/cm? and
further increase was Impossible due to bearing surface con-
ditions which prevented further normal lubrication. However,
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in the case of perfect bearing surface (#821), the run-in
process could be extended-to 460 k:g/cm2 but even then the
run-in times over 200 kg/cm took considerable time. Very
much better conditions exist under dynam1c load tests (fig.
80). " There, only above 300 and 400 kg/em® can a strong
increase in run-in time on defective bearings (#331, #332,
#944) be noticed. On bearings with perfect surfaces, the
run-in process was not finished at 500 kg/cm. This being
the highest permissible pressure of the machine, it should,
however, be noted that these same bearings had been tested
under a static load of 200 or 460 kg/cm3. However, the
test of bearing 942 showed that simllar conditions exist

if the bearing had no previous run-in time under static
load., The described results clearly indicate that the
process or run-in lead-bronze bearings has to be carefully
watched in service runs. Under generally static load
(e.g., the main crankshaft bearing in a radial-type engine)
it should be permitted to raise the load only in small
steps giving a long enough run-in time between load changes.
This is necessary to prevent the injury of the bearlng sur-
face through dry running.

The tabulated values for load limits in table III
show that under dynamic loads the lubricating conditions
are far more advantageous than with a static condition.
In the first case, the load fzctor is in all circumstances
two to three times as high as in bearings with static load.
A relationship between load limit and the mean Pb content
of the alloy cannot be established and can hardly be ex-
pected, becauseé of the irregularities of the lead distribu-
tion. To draw a correct conclusion of this influence,
only the percentage of lead whlch is présent.in the running
surface should be considered. These observations will be
further dlscussed in the chapter covering the influence of
ippuirities.

Of great influence on the results of bearing runs are
the pores and lead segregations which were noticeable be-
fore .the test, in the machined ruaning surface. These two
faults are equally responsible for the decrease of the
load factor, since, in place of the visible lead segrega-
tions, "idling pores" appear very quickly, which will more
or less.create lubricating disturbances. The removal of
the visible lead parts does not occur through chemical in-
.fluence, as, after a 30-hour test of a lead-bronze bearing
in o1l at 160° €, noé visidle signs of lead dissolving could
be noticed. It is, therefore, assumed that the lead segre-—
gations are mechanically removed through the impurities of
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. the o0il., Because of an eddy effect, the slowly formed
cavities are more and more enlarged until finally even the
base material is attacked on the border of the pores.
Figures 31 and 32 show craterlike expansions of pores
which have been created in the above manner, How strongly
the load faculties of a bearing are influenced through
lubricating disturbances caused by pores can be seen
especially in the test results of bearing 332 which showed
large pores only on one half of the bearing. (See also
fig. 30.) Arranging these pores into the load zone, the
maximumn load was found after long running time under dynam=-
ic load to be 440 kg/cen®. After turning the bearing for
180°, a maximum load of 500 kg/em could be reached very
quickly, so that in this case the actual load 11m1t could
be estimated to be substantially higher.

Aside from the limitation of quality mentioned, the
load linits are independent of the material, or the hard-
ness of the shaft ‘end. This is proved sufflclently by the
results of bearing test 933, 934, 936; 331, 332; and 944
and 945. The values found under static load coincide well
in comparable cases, in contrast to tests with dynamic
loads whereeven by the use of the same shaft sand great
variations in the load factor of similar bearings exist,
These irregularities are created by the unequal distribu-
tion of the lubricant. During dynamic tests can be ob=-
served, in such cases, a badly damaged as well as a less
faulty bearing shell near the narrow naxinun load linit,
so that the above-mentioned condition for bearing 332 oc-
curs., Under static load, however, similar differences
cannot be expected for like bearings, since all irregu-
larities in the bearing surface are sooner or later in
contact with the load zone of the bearing.

The values of maximum load factors obtained from bear-
ing 1221, 821 and 936, 831 disclose that shells with ap-
proxinately the same Pb content but received from differ-
ent sources, differ greatly in running characteristics un-
der the same test condition. It seems natural to blane
these irregularities on different amounts of impurities
whose influence on the mechanical characteristics has al-
ready been disclosed in paragraph II. In.figure 33 the
dependence of the load limit on the content of inclusions
(Sn + Sb + Remainder) in the bonding material is graphi-
cally illustrated. The two lines which only connect sini-
‘lar test results show clearly a decrease in maxinum load
pressure with increasing inclusions. It can therefore be
cons$dered that since the hardness of the bearing material
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depends .on the amount of impurities there can be no rela-
tionship between hardness and haximum Yoad factor. . It

can be assumed, however, that the forming of "Beilby lay-
ers" (reference 5) and therewith the adhesion of the lu-
bricant will be reduced through the presence of certain imw

. purities. Figure 33 does not - include values of bearings

842 and 847 made from alloy 40 IV, as. they are far below
the load limits illustrated. It should be mentioned that
these alloys contain 0,28 percent Fe,which 1s a very high
iron content in, comparison -with all other lead-bronze
bearing mixtures. Since in this case the amount of iron
is almost equal to the whole amount of inclusions, it
should De concluded that iron has a specially strong in-
fluence for reducing the load factor of lead-bronze bear-
ings. ) .

Figure 33 also discloses that the load factor of
bearings of the same origin is lowered correspondingly to
the valuation figures which had been assumed according to
the condition of the bearing surface before the test.

] In consideration of these factors, it can be noticed
after closer exarmination that a dependence of load 1limit
on lead content, or the lead amount in the bearing surface,
exists. The upper line in figure 33 takes into account
the test results 0/IV, O/V, 0/I, and O/III bearings with
perfect surface {valuation figure, O). The bearing shells
in question show a grain with rather uniform lead distri=-
bution (see figs. 3, 4, 5, and 1l0) so that the mean lead
contents given in table I correspond approximately to the
lead content of the running surface. It can be concluded
from figure 33 that the maximum determined load capacity
0/V will be above the upper line of the diagram for bear-
ing shells having a rich lead mixture and below O/IV for
a small lead content. However, the values 0/I and 0/III
situated on the line have bearing shells of almost egual
Pb content (21.7 and 22.6 percent Pb). It can therefore
be assumed that the maximum loadability increases with an

-increasing lead content. Bearings from alloy 20V and 40 V

show a very low amount of lead in the microphotographs 6
and 15 and had also a relatively low load limit. One more

‘proof of the assumption of the influence of lead content

is given by means of a test with a bearing entirely free

of lead (film of electrolytic copper of 1/2 mm). This
bearing stood up under a static load of only 180 kg/cm?.
All other test results which had been conducted on shells
with numerous visible lead inclusions cannot be used in the
diagnosis of the influenqe of .lead contents, since the lead
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inclusions in the bearing surface vary too much during the
test run on account of forming of porosity which has al-
ready been described above., - Finally, it shouléd not be
overlooked that, because of the nunerous factors of influ-
ence, scattered test values have to be expected through
snall variations in test conditions (temperature, bearing
tolerances, etc.) but mainly through variations in lead
content &s well as in the amounts and conposition of the
inpurities can the conparison be affected essentially. It
ig also to be considered that the condition of the running
surface cannot be definitely determined since during the
run additional changes occur (scars, scratches, etc.) which
‘will influence the maxinum loadadility. 3But it can de
definitely concluded from the existing test figures that
within the limits of the above tests the load-carrying
capacity of lead-bronge alloys will be more or less uni=-
formly reduced through low lead content, running surface
defects, and amount of impurities.

Occasionally during the experiments with bearing 932
a strange influence of the rim pressure was noticeable on
the loadability. During.one~sided pressure distribution,
which is stretched to approximately one-half of the width
of the bearing surface (see fig. 20), a mean bearing pres-
sure of 70 kg/cm"a was- reached, which is just about one~
‘half the amount of the similar bearings (933, 934, and $36).

The majority of the given bearings in table III show
after the test run numerous scratches in the running sur-
face.  These scars are generally already noticeable after
the first run under static load. In some cases, this de-
struction starts only after some higher dynamic loads are
applied. "

" Under actual working conditions, only the high-loaded
bearings 821, 522, and 942 appewr to have perfect running
surfaces after the test. On the other hand, cracks appear
on the high-capacity-bearing surface of (bearing 533) al-
ready above a surface pressure of 300 kg/ecm2., It should be
observed also that bearings 944 and 945, made of the sane
alloy 40 I, have greatly different surface conditions 1in
spite of an equally high load. The destruction through
heavy scar formation in the last-mentioncd bearing is due
to the effect of dry friction, to which the bearing sur=-
face was exposed because the unloading did not occur in-

- stantaneously enough, and the bearing was subjected for a
short time to an -increase of load and temperature, Prob=-
ably this effect 1s intensified by the lead deficlency in
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~-the-bearing .surface produced by the removal of the Pb

inclusions. This example illustrates again the high-

load sensitivity of lead-bronze, which necessitates a .
careful supervision of the run-in time. In most instances
slight injuries of the shaft could be observed; only the
Journal used with bearing 945 shows signs of wear in a

few places. . : : :

The determined bearing clearance varies from a few
thousandths to a few tenths of a millimeter. The greatest
wear shown on the bearing 945, which had a clearance of
0.24 mm. It is generally assumed that the differences in

~wear are mainly affected by differences in load duration

near the upper limits of capacity.

The short time permissible bearing pressure under
which only bearing surface damage equal to the valuation
figure 2 occur, was determined in only a few cases. Most
of the tested bearing castings already contained more or
less coarse defects (valuation figures, 4 to 8) before
the test, so that their use as high-performing bearings
was impossible. Only the bearings of alloy 20 IV (#821),
alloy 20 V (#522), as well as alloy 30 V (#533), approved
as in perfect condition, could show a permissible running
surface after an endurance test above the permitted load
pressure of 250 kg/cm®. The perfect bearings 927 and 1221
made of alloy 20 I and 20 III were only partly usable on
account of cracks and broken-out parts which had developed
under relatively small static load. Alloy 40 I was in
perfect condition (cast bearing 942 was the only one of
10 of the same alloy which was in perfect condition) dur-
ing dynamic load and proved itself equal to the maximunm

‘duty of alloy 20 IV. The bearing shells of this alloy

vwhich contained a multitude of lead inclosures (bearing
944 and.945) show, however, running conditions similar to
the corresponding bearings of other compositions and make.

b) State during Endurance Tests

A running time of 100 hours, at a bearing pressure
of 250 kg/er® was selected for. the endurance tests. This
test pressure which corrésponds to the permissible rating
in different aircraft-engine main bearings was set as a
minimune - Only bearings ‘'of alloy 20 I, 20 IV, 20 V, 30 IV,
30 V, and 40 V could be used for endurance test under static
load as the results of the load factor tests showed that
bearings of alloy 20 V and 40 V were no longer available,
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From all bearings tested under static load, only 823 and
535 of alloy 20 IV and 30 V proved to be in perfect run-
ning condition during the whole test. Bearings of alloy
20 I and 30 IV broke down after 80 and 24 hours, respec-
tively, forming large cracks and rough surfaces. This
condition was to be expected when it is considered how
close the applied pressure (250 kg/cm2) came to the maxi-
mum load capacity (300 kg/cm?).

The perfect running condition of bearings of alloy
20 IV and 30 V is confirmed by similar good condition
under dynamic load. Even alloy 40 I (bearing 946) stood
the dynamic test without surface injury, if it is over-
looked that lead inclosures and pores which should have
excluded the bearing from the test were present from the
beginning. The other alloys due to the formation of
cracks and roughness of the running surface did not stand
up under the requirements. A tendency to form cracks and
roughness was noticed mainly on alloy 20 I and 30 IV
(bearings 922, 832, and 833) and in a less proncunced
form also on alloy 20 IV (bearing 823). Roughness of a
bearing can be interpreted as the condition of closely
situated or overlapping cracks.

This could be observed mostly on bearings when the
journal diameter was smaller in the center portion. Dur-~
ing the test run, apparently most of the o0il impurities
gathered there and the running surface was attacked most
severely in this section. It is remarkable that only
the above-mentioned alloys as illustrated in figures 3,
5, and 9 show a typical dendritical structure which has
been generally regarded unfavorably for practical use.
The assunption that dendritical structure increases the
tendency for Cu parts to break out in comparison with
globular Pb distribution seemed borne out by the results
gathered,

The reason for the premature crack-forming of lead~-
bronze bearings cannot be definitely determined through
these testse. It is, however, unusual to note that somns
bearings with visable lead inclosures and pores show no
cracks after running (see bearings 946 and 342), whereas
others, having perfect running surfaces in the beginning,
have been practically destroyed (see bearings 924 and
1232). It seens, therefore, that the formation of ecracks
does not occcur solely through the influence of segrega-
tions and the resulting porosity. There also is no con-
vincing reason to assume that the destruction of the
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..material is startcd through.lack of,binding of the nate-
rial. However, it was observed that §ome-bearings:-which
showed a tendency to crack formation, had numerous fine
cracks after being stored for approximately 2 months, al-
though nothing could be noted even under a microscope.af-
ter the final manufacturing operations. (See figs. 34 .
and 35.) There were also fine cracks visible after the
finishing operations in cases where the bearings were
heated up to 160° ¢, (See figs. 36 and 37.) The. micro-
graphs 38 an? 39 show lead deposits within the crevices

of the .stored bearings which indicates that the damage oc-
curred during the cooling process of the bearing. It
could be assumed therefore that fine cracks were present
from the very beginning but were noticeadble only after

the surface becomes smooth during the test run and the
cracks enlarged through the influence of internal ten-
sion. In actual runs, the cracks will open up because of
the increase in temperature,. as the lead inclosures expand
more than the copper base. - The resulting pressure is so
great that the lead is squeezed from the larger pores and
cracks. (See fig., 37.) The tensions within the cast part
of the bearing are due to0 the greater shrinkage of the
.lead-bronze- in comparison with the steel shell and are due
.also to the quenching of the bearing,which is done to pre=-
vent the forming of lead inclosures. The greatest internal
.tensions, that is, the greatest deformation after releas-
ing the tension through cutting the bearing lengthwise in
half was noticed on bearings indicating a tendency to form-
“ing of cracks. The reduction in diameter in these cases
was from 0.8 to 1.0 mm; in other cases only from 0.2 to
0.4, Finally, it should be considered that the elasticity
of the lead-bronze has an influence on the formation of
cracks, which is due to internal tension. This is influ-
enced mostly by the casting conditions, the composition,
and the form of crystallization. The experiments made by
Hensel and Tichvinsky (reference 2) on lead-bronze materi-
als of the same analysis (75.5 Cu, 17.5 Pb, 3.5 Sn, and
3.5 Pb) show that when the pouring temperature was in-
creased from 11,0500 to 1,150° ¢ for die castings the elon-
gation limit is increased from 5 to 14,3 percent; for sand
castings this increase is from 1ll.7 to 17 percent, respec—
tively. Other tests with lead-bronze alloys contalning
11.06 to 28.06 Pb showed.an increase of the limit of elon~
gation from 1.8 to 8 percent. A relationship of these
values on the lead content can apparently not be estab-
lished because of the influence of the crystallization
characteristics. Although temperature and analysis have
been kept unchanged, scattered values for the 1limit of
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elongation from 2.5 to 7.3 percent were found., It can be
concluded from the above discussion that scar-forming is
introduced mainly by excessive high internal tension com=
bined with insufficient elasticity of the materiai, The
.cracks are present in some cases in the unused bearing.

. In others, they are developed during slight overload peri-
ods in actual service; conpare figure 40, Since it was
not possible to observe any deviation of normal running
condition during the 100-hour endurance test because of
the fornmation of cracks, their possible presence causes a
breaking-up of the bearing material. This constitutes a
grcat . danger which definitely must be prevented in air-
craft engines. In this connection, it should be pointed
out that the cracks 1llustrated in figure 34 could not be
detected by X-ray examination. Consequently, it is rca-
sonable to assume that similar faulty conditions could
not be detected in the final inspection. Special consid-
eration should be given to the destruction of bearings
through peeling of the ruaning surface (fig. 41, alloy

40 IV, bearing 846). At the first impression this seemns
to indicate a faulty binding between bearing material and
shall. By the careful removal of the peeled~off layers,
it was discovered that this had taken place only within
the load zone of the bearing and then approxinmately 0.1
nn from the bonding point between bearing and shell, Ap-
parently the thin netlike structure (fig. 14) is crushed
through the constant pressure change during the endurance
run, This crushing is also accentuated by the brittle-
ness of the matieral due to its excessive iron content.
In regard to the position of the fracture, it should be
borne in mind that if a perfect bonding form exists, the
base of the alloy resists deformation and the top layer is
hardened through pressure on the running surface. The
fracture .therefore will occcur in the layer where the sun
of both actions will be at a nlnimum.

The bearlng wear is less under dynamic than under
static loading as shown in tabdle IV. In general, however,
it is not possible to make a comparison of wearing quall-
ties of different bearings because of the great variations
of running time and bearing loads. It should be mentioned,
however, that bearings 535 and 536 of alloy 30 V seemed
little worn in spite of their low hardness figure,which is
caused by elevated pressure and ‘temperature (14.3 kg/mma
and 150° C)

-A1l journals. the heat~treated as well as the hard-
ened ones, were still in working order after the tests and
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‘no. appreciable wear could be detected. Only journal 10 V

when used in bearing 922° showed a few grooves on its heat-

,treated surface. The actual measured waar was only 0,002

mm.

,c) Gondition after Stopping the Oil Supply to the Bearing

. Tests - simulating emergency running conditions were
conducted, on bearings already tested dbut still in good

”condiﬁioﬁ. under the same load conditions as those which

existed during the endurance.tests. The flow of lubri-
cant was interrupted by means of a stopcock as soon as
normal running conditions were reached. In most cases,
eight dry-running tests were made one after the other,
and in every case a record was made of the increase of
temperature and the time needed to release the cut-out of
the testing machine. In earlier publications, it was
pointed out that the driving motors of the test machine
permit a load increase of only 50 percent. Therefore,
with light metal alloys the test could not be conducted to
the complete destruction of the bearing.

The running time observed was in most cases extremely
short and was reached in most cases in only a few seconds
after lubrication was stopped entirely. Referring to table
V, the same took place with the lead-~-bronze alloys whare
the "run-out" time of a few seconds is standard perform=-
ance. This condition is caused by the cutting out of the
testing machine, which does not permit the temperature to
risé. to the point where the melting point of lead is
reached during the first dry test. During the next tests,
more lead was deposited on the running surface, so that
finally a sufficient amount is present to act as. emergency
lubricant at relatively low output. Since lead escapes
continuously on the sides of the bearings, the temperature
rises again to the point where enough lead is present in
the running surface of the bearing. During a dry-running
test, a step-like rise of the temperatures can be observed

. when a temporary increase in driving energy releases the

cut-out of the test machine. Under favorable conditions,
a complete dry-run time of 10 minutes has been accomplished.

- In most cases, the running conditions of these bearings

are little influenced by the heavy surface injuries sus-
tained during a dry run, and it 1s possibdle after a short
time to reach almost the original, normal conditions.

In contrast to the behavior of lead-bronze bearings
during a dry run, an injury to the surface éan take place
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under normal lubricating conditions without preventing the
failure of the bearing through emergency lubrication at
the right moment. (See bearings 831 and 922, in tables III
and IV, respectively.) In these cases; the cooling influ~
ence of the o0il will retard the increase of temperature
enough to destroy the bearing completely in some cases
through dry friction. PFrom figure 42, it can be seen that
even with lubrication of the bearing a localized lead
separation may occur through a suddenly appearing surface
injury. Still, this interruption caused the testing ma-
chine to release the cut-out, since because of the prema-
ture hardening of the lead a wedging effect resulted with-
in the bearing. -

Under static load, shorter dry-run times were noted
in almost all cases in comparison with dynamic tests, as
the lubricating conditions are less favorable. The gain
in temperature increases with the length of the dry run
from 5 to 80° C during running times of three seconds to
13 minutes. After a dry run, running surfaces show heavy
scars, scoring, and fractures, and only a few bearings
show little change over the original condition if one dis-
regards the layers of lead. The Journals were injured
‘through scoring in only o few cases. It should be mentioned
also that the bearing shells made of electrolytic copper
stood up under dynamic load eight dry runs without any no-
ticeable changes of the journal or the running surfaces.
The run-out duration is, however, shorter under the same
test conditions than with lead-~bronze alleys. The running
characteristics of electrolytic copper under normal lubri-
cation (see results of load factor determined in table III)
as well as during dry runs cannot be regarded as unsatis-
factory in oomparlﬂon with the test results of lead=bronze
bewrlnﬂs.~ .

V. CONCLUSION OF TEST RESULTS

From the tests described in paragraph IV, it can be
concluded that most of the lead-bronze bearings regarded
as perfect by the manufacturer are not suitable for the
use in high load bearings. :

) ‘It was found that the loadability of the bearing is
considerably reduced through:

a) Numerous lead inclosunés which can be noticed in
the finished bearing surface with the naked eye.
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b)) Insufficient lead content 1n the running surface.

e) Impurities within the alloy.

Failures of the bearings during endurance runs through
scores and fractures are due to:

d) Large dendritical grain form of the bearing alloy.
o) Limitoed elasticity. '

f) Internal tension'within-the lead-bronze surface
due to shrinkage or guenching,

The difficulties enountered in the manufacture of

- lead-bronze castings with steel shells are due to the fol=-

lowing contradictory causes.

1) High pouring temperature and slow cooling to ob=-
tain a good bonding between alloy and shell.
(Inadequate diffusion during high temperature,)

2) Low pouring temperatures and fast quenching to re-
sult in favorable lead distribution. (Preven-
tion of lead segregations and coagulation,)

The current methods of nanufacture of lead-bronze bearings
1s conducted in general after the following principle:

Contact of the hot alloy with the steel shell 1is
maintained as long as possible. This is followed
by quenching. The bearing shells manufactured in
this manner show almost always excellent. bondlng
between the surfaces. However, the qualities for

a high performance bearing are not satisfactorily
achieved. ‘

Great difficulties are encountered when an effort 1is
nade to create a uniform, fine, globular lead distribution
with high lead content which would give the best running
results, The importance of the grain structure due to un-
favorable lead distribution on the running characterlstics
has been 1llustrated already. (See unmder a, b, d, and e,)
Although much work has been done to find a substance which
will influence the grain structure of lead=copper alloys,
no real progress has been made. Special attention should
therefore be given to the suggestion of using a2 high-fre-~
quency furnace (centerless induction furnace) to melt the
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-.charge, .The fine distribution of the material can be at-
tributed to the eddies within the molten mass which prob-
ably reduces the separation process during the cooling
period. In order to prevent oxidation during the high
frequency melting period, careful covering and quick pour-
ing of the charge is desirable.

) Little has been observed of the influwence of the in-
ner tension due to shrinkage and guenching on the running
qualities of the bearing. It is important that the 1life
as well as the endurance of the materials is greatly re-
duced by these stresses. Despite good bonding and even
lead distribution, a premature destruction of the bearing
nay occur through fractures which encourage the separation
of copper particles. It is quife probadle that the sudden
failure of otherwise . perfect bearings 1s caused by. similar
conditions. ©Next to good bonding and equal lead distribu-
tion, the prevention of high internal stresses 1is the most
important demand which should be desired in a high-perform=-
ance lead-bronze bearing. '

Furthermoré, there is the danger of impurities within
the alloy, such as iron from the steel shell or impurities
from the use of salvaged materials, which for economic
reasons nust be used over again, The above tests have
shown that presence of small quantities of impurities, par-
ticularly iron, appreciably reduce the capacity of the lead-
bronze bearing. o

It seems logical to assume that the limitations men-
tioned above could be avoided or reduced if a steel shell
could be fastened to a separately produced lead-bronze
body (reference 6)., In this case, a manufacturing proced~-
ure could be developed which would result in a pure lead-
bronze bearing of the most favorable structure. On the
other hand, internal stresses in the lead-bronze structure
can be produced by the attachment of the bearing shell,
which would increase the endurance stability of the bearing.
~In certain cases, the increased adhesion could be produced

by introducing a binder which has a favorable diffusive
quality. This type of binder might make it possible to
fasten together the separately made bearing parts by means
of a suitable heat treatment.

Translatlon by United Aircraft Corporatiobn,
East Hartford, Conn.
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TABLE I ‘
Composition and hardness of tested lead-bronze bearings.
ot o by | Delivery. - Cprﬁposi__ti_on in % Hardness H Grain
Aoy ™ "IMarifer) ™y te Pb Cu | -Ni S$n+Sb |Remainder-| &%/15; 825/180 Kg/nm? :j’";‘ff;,‘;"
I ! Sept. 1936 21,70 77,80 Sp. 0,05 0,45 45,0 36,5 3
Leg. 20%) 111 Aug. 1937 22,58 76,70 Sp. 0,55 0,17 31,7 26,0 4
g v Jan. 1938 16,79 | ‘83,15 — —_ 0,06 40,4 33,1 5
v Mai 1937 23,37 76,52 .0,10 — 0,01 — — 6
i Sept. 1936 25,60 73,50 0,08 0,13 069 | 396 35,3 7
Leg. 30 i Juni 1937 32,34 67,34 Sp. | Sp. 0,32 31,7 23,8 8
g v Jan. 1938 29,70 69,22 0,80 — 0,28 26,9 21,6 9
v Febr. 1938 27,79 71,97 Sp. — 0,24 19,5 14,3 10
1 Sept. 1936 35,20 64,20 Sp. 0,06 0,54 36,0 32,2 11
11 Juni 1937 36,62 63,13 Sp. Sp. 0,25 23,5 19,7 12u.13
Leg. 40 v Okt. 1938 42,17 57,54 Sp. Sp. ( 0,29F ) 23,2 18,9 14
0,28 Fe
v Mai 1937 38,32 60,55 0,96 — | 017 — — 15
*) Leg. 20: 15 bis 25°/, Pb; Leg. 30: 25 bis 35°/, Pb; Leg. 40: 35 bis 45°, Pb.
TABLE III
Results through determining the load factor.
o 3 . . i Short time
. . Bearin Bearing | Bearing  Capacity | Valuati * Total Bearing J i
B:I‘;';;,“Q Bearing valuaﬁogn \Journal 1n75r:|nr.’:g static dynamic gft;-:,-'?y:sf r_unning wear xz;:ﬂ, [f;eera"r‘-'ﬁ?;ble
# before # in load load ) "time underi .o 1g—s pressure
test /oo kg/cm? kg/em? Bearing  Journal | load mm-1073  paame
201 927 0 3N | 1,17 | 305 — d7rs2e L ir D 9 |10 1y o 0
201 927 |Trs,2r 3N | — — > 500 Trs,2r [okr 8 2 0 1 —
20111 | 1221 0 1E | 1,03 210 —  i4a2r | 2r 5 13 14 1 100
20111 | 1221 [4a,2r 1E | — — 400 [Trs,4a 2r 9 127 0 —
201V | s2i 0 1E | 0,92 460 —  i2r I 2r 13 23 25 0 400
201V 821 | 2r 1El — — > 500 2r L 2r 7 2 2 0 500
20v | s22|1p 16E | 1,02 395 —  r | 1r 40 | 119 121 0 350
—_— t . —— . — J— e — m———— - - !  —— e e e
301 932 | 64l [15v | 0,05 702) —  \7rs,6p 1r 20 9 3! 2 —
301 933 | 65l 15V | 0,97 125 —  |1rs,6p 2r 19 12 10! s —
301 934 |6 bl I 9N | 1,48 135 — 7rs,6p,2n 1r 17 1l 99 18 1 —
301 934 |7rs,6p,2n 9N | — — 300 |7rs,6p.3n 1r | 8 | —
301 936 | 6 bl | 9N | 1,02 115 — 7rs, 6p 1r + 9 2 13 0 —
301 936 |7rs,6p |, 9N | — — 220 |Trs,6p 2r 7 8 0, 0 —
30 11 331 {76l | 2E | 0,97 230 —  |7p,1r 2r |7 25 30 0 —
3011 331 |7p,1r | 2E| — — 400 |7rs,7p 2r ' 6 16 16 | 1 —
3011 332 | 7b1/03) 14V | 0,95 200 — Tp 2r ' 14 39 41 1 —
3011 332 [7p/0Y) 14V | — —  [440/3-500|7p, Trs 3r , 9/l | 21 10 1 —
301V 831 |64 16 E | 1,02 300 — 6p,Tr 2r 7 — — 0 —
oV 531 [8p 2E | 1,13 | 135 — 8p,1r 2r 26 | 111 119 0 —
30V 533 0 L 2E | 1,13 470 —  |7rs,2r 2r | 13 10 21 ) 300
30V 533 |Trs,2r i 2B | — — >500 |Trs,2r 2r | 6 0 0 1 —
401 942 0 14V | 0,95 — >550 |2r,2a 1r 33 38 36 1 550
401 944 |65l 4N | 1,07 200 —  |6rs,6p,4a| 2r 10 31 42 0 —
401 944 |5r5,6p,4a| 4N | — — 416 |b5rs,6p,4a| 2r 12 36 10 0 —_
401 945 |6 bl 17E | 1,05 200 —  |1r64r 5fr 2 | 240 235 0 —
4011 341 (84l 8E | 1,07 135 —  |8p,Trs 1r 6 61 58 0 —
4011 341 [8p,7rs 8E | — — 400 |8p,7rs 2r 6 32 12 1 —
401V 842 | 6p 10V | 0,87 170 —  |1r 2r 2 87 87 0 —
401V 847 |4p 3N | 1,07 — >500 |7rs,4p 2r 11 20 22 0 —
401V 847 |Trs,4p 3N | — 180 —_ Trs,4p 2r 5 7 6 0 —
40V 541 |7p 1E | 1,07 135 —  |Tp.4r 3r 10 | 103 103 1 —
W0V 542 |4 p 8E | 1,12 250 — |5r4p,a | 3r 22 164 1586 ! O —
Electralytic 10 0 4N | 1,15 180 — ler 1r 5 1 6 0 100
copper 10 |2r 4N | — — 480 |[7rs,2r 1r 10 0 0; 0 200
1) Under which the journal and bearing surfaces attain the
condition corresponding,at most,to the coefficient 2
(see table 2).
82 Bearing ran with strong pressure on edges.
35 Numerous average lead inclusions only in one half of bearing.
4) Numerous average pores only in one half of bearing.
5) Measured in two perpendicular planes.




TABLE II. Valuation of the Bearing and Journal Conditions

Condition of bearing and journal* surfaces

Valu-~ Lead Pores Scorings Scars |Fractures Cracks | Scoured Remarks
ation [inclusions} sections
number
(b1) (p) (r) (n) (a) (rs) (fr) ,
0 Surface perfectly smooth
1 |Few small |[Few small |Traces —_ — — — Perfect
2 |Few medium|Few medium|Few medium|Few small|Few small — — Acceptable
3 |Few large Few‘lafge Several ¥umerous |Numerous . L Conditionally
redium small small acceptable
4 |Many small{Meny small|Numerous |Some Some L Necessary removal
or medium| or medium| medium medium medium T of surface .
imperfection
5 |[Several Several Few lorge | Numerous |Numerous |pew short|Traces
large large medium medium
6 |Numerous | Numerous Several Few large|Few large [Several |Medium Destroyed or.
small smwall large short unacceptable
7 |Numerous Numerous Numerous Several Several Long Few large | Removal or :
medium medium large large large exchange !
8 |Numerous | Numerous Numerous | Humerous Numerous
large large - large large - largze
(destroyed
-entirely)

*Only scorings and scoured sections could be observed on the journals.

;OM UNPUBIQCUWAN TeOTUYDSG

‘Y*O0°'V°KR

ov6

18-



N.A.C.A. Technical Memorandum No.843

. TABLE IV

Result_s of endurance test.

. . . it Running time
Bearing Bearing Bearing pressure . Runriing , 1
Bearing Bearing | valuation [Journaljtolerance| Static Dynamic v:,{;::’i:‘r 'hm_e B:T;:g J:‘:::' ::;i‘:fgucfary
alloy #  # before in load joad i during - _s |bearing
test /oo kg/em? kg/em® | Bearing  Mourna) | endurance| mm-10-* | mm-10=* | o yiyion
201 9221 0 14V | 0,98 |250/1902) — |6r, 2n 5r | 8017 |99 130 2 56
201 024 0 4N | 1,07 — 250 |[6rs,2r 2r 100 |28 15 0 0
20111 [1222| O 15V | 110 — 250 |[7rs,2r 2r 100 |44 24 0 22
201V | 822| O 14V | 1,02 — 250 |[2r 2r 9% (12 10 o >96
20IV | 8238| 0O SE | 1,02| 250 — {2r4 2r 98 |37 38| o0 >98
301 - 937 | 6B |10V ]| 1,18 —  1250/230%) |7rs,6p 1r | 112 8 3 0 0
3011 | 833| 7bl 2E | 093 - |250/210%) [T p, Trs 2r | 1543 |83 15 0 0
301V | 832 64l SE | 1,03 — 260 [6p, 5r4) 0 95 |61 35 0 0 (62)3)
30IV . 833, 6bl 2E | 1,10 |250/220%) — |8p,1rY) |'1r | 24/72 |98 08 0 0 (24)%)
30v ' 5351 2p 14V | 105 20 = — (2p,2r 2r 102 |38 40 0 >102
30V 536, 0 14V | 1,00 — ' 250 |2n,2r 2r 106 |28 12 0 >106
01 | o4, e6m l10V]L17| — 250 |6p,2r 2r 98 |12 6| o 0 (>98))
4011 | 342 86 .11V | 093 —  |250/210%) |8 p, 17 2r | 28/23 |62 46 0 0 (28)?)
401V | 846 6p , 9N 1,13 — 250 |8a,7rs,1r| 2r | 68 |69 48 0 )
1) Journal and bearing surfaces, after the indicated running
time show injuries correspondlng to the maximum
coefficient 2.
2) The test pressure of 250 kg/cm® could no longer be attained
after the indicated running time.
3) Figures in parentheses indicate running time not taking
into account the p031t10ns of failure before the test.
4) The bearing surface is also roughened at some points.
TABLE V
Results after dry running test.
VYaluation # . R ing +i Increase of | No.
Bearing {BearingJournal Before test Eig:;:ge Pressure unning Time temperature | o |Valuation # after test
alloy ke eme condition | After stopping lubrication tests
Bearing Journal | €' °C Bearing Journal
201 924 , 4N brs,2r 2r | 250 |dynamic 37" to 11'13” | 35° to 80°| 81) | 7rs,6r,4n| 2r
20 1 927 | 3N | 7rs,2r 1r | 250 |static 37 » 187 | 5°» 40°| 8Y) | 7rs,2r 2r
20111 | 1221 | 1E | 7Trs,4a 2r | 250 |dynamic 47 » 1034”| & » 500 8Y) | Trs,6r,4a| 2r
20 111 1222 | 16V | Trs,2r 2r 250 |dynamic 4’55" » =10 67° » =>72°| 81) Trs,4n,2r| 2r
201V §21 | 1E | 2r 2r | 250 |dynamic 4" » 6557 & » 279! 8Y) [ br, 5fr 5r
201V 823 | S8E | 2r 2r | 250 static 527 » 248”1 30° » 64°{ 5%) | Trs,1r 2r
3011 332 14V 7p, 1rs 3r 250 | dynamic 7y 7107 6° » 58°| 81) Tp, Trs 3r
0V 533 . 2B | Trs,2r 2r | 250 'static 3 » 457 6° » 380 8 | 7rs,2r 2r
30V 535 | 14V | 2p, 2r 2, | 250 » 8 » 217 T » 21°f 8Y | 5r, 2p 5r
0V 536 | 14V | 2n, 2r 2r | 250 |dynamic 6” » 1342 7° » >77°| 81 | 2p, 2r 2r
401 944 | 4N | 5rs,6p,4a| 2r b 250 | dynamic 1’527 » 12317 | 18° » 173°| 81 Trs,6p,4a| br
401 946 | 10V | 6p, 2r 2r . 250 'dynamic | 7/50” |>80° 13) | 8n 27
4011 341 | 8E | 8p, Trs 2r 250 'dynamic 8 » 6247 ':;Peii::ﬁj 8Y) | 8p, Trs 4r
401V 847 | 3N | 7rs,4p 2r { 250 |dynamic ;729" » >12’ 54° t0>70°| 32) | 7rs, 4p 2r
ELE:;;:'?‘C |10 { AN Trs,2r } 1r 250 |dynamic | 347 » 523| 260« 420, 8Y) | Trs,2rY) | 2r

1) Further investigation
2) Tests discontinued on

discontinued.

account of disturbances in testing machine.
3) Further tests not possible on account of seizing of bearing.
4) Besides this,no measurable wear.
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Figure 3.-Lead-bronze alloy 20 I
(21.74 Pb); etched with
weak acid. Magnification 50X.

Figure 5.- Lead-bronze alloy 20 IV
(16.8% Pb); etched with
weak acid. Magnification 50X.

Figure 6.~ Lead-bronze alloy 20 V
23.4% Pb); etched with
weak acid. Magnification.50X.
State after test run.

Figure 4.- Lead-bronge alloy 20 III
(22.64 Pb); etched with
weak acid. Megnification 50X,
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Figure 7. Alloy 30 I
(25.6% Pb) Mag. 50X.

Figure 8. Alloy 3 I gu .
(32.3% Pb) Mag. 50X. (29.7% Pb) Ma,

L LR v

Figure 14. Alloy 40 IV
(42.2% Pb) Mag. 50X.

Figures 7 to 15.- Lead-bronze

igure 10, Alloy 30 V  Figure 11, Alloy 40 I  Figure 1
27.8% Pb) Mag. 50X. (35.2% Pb) Mag. 50X. Alloy 40 II (38.3% Pb),

R

it

5 e :'J‘};
3. Mag. 50X.

for both figs.12,13.

Figure 15. Alloy 40 V
(38.3% Pb) Mag. 50X.
State after test run.

alloys etched with weak acid.
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Figure 18.- Alloy 30 IV.

Showing mul-
titude of small lead in-
clusions after finishing
operation.Magnification
2X.

943

Pigure 17.-

made lead-bronze alloy wit

Figs.16,17,18,19,20

f a
hh

igh lead

content. Magnification 100X,
Figure 16.~ Uniform and fine-globular lead distri-
bution of a foreign-mede lead bronze
2lloy.(70.70 Cu., 28.98 Pb.; .12 Ni.; .18 Fe;)

Hardness 2.5/15.62
B okt

o

Showing nu-
mercus large lead inclu-
sions after finishing
operation.Magnification
2X.

5/180 = 22Kg/mm®.
$2 =

Mag. 50X.
e N

— ) =

Figure 20.-~ Alloy 30 1
(test bear-
ing 932). Condition
after test under static
loed up to 70Kg/cm® side
pressure, showing numerous
small pores(instead of
lead inclusion before the
test). Notice on loaded
side(near top of figure)
small fracture and crack.
Magnification 2X.
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Fig 21l.- Alloy 40 11 (test
bearing 342).State after 51
hr run under dynamic load
with p =250(210) ke/cm®,
showing wedium and 1arge
pores (instead of lead in-
clusions before test). Also
showing beginning of scor-
ing. Magnification 2X%.

Fig.24.- Alloy 20 I (test
bearing 922). State after
97 hr of testing under
static load of p=250(190)
kg/em®. Test run showing
&8 few light and six heavy
scorings,also a few scars.
(lines across center are
caused by measuring tool).
Magnification 2X.

831).

937).

Fig.22.- Alloy 30 V (test
bearing 531). State after
test run under static load
up to p =135 kg/cm?,showing
numerous large pores (al-
ready present before test)
end light scoriag. Mag. 2X.

Fig.25.~ Alloy 40 1
bearing 946). State after
dry run under dynamic load
with p=250 kg/cm®,showing
complete distruction of
bearing.Lower part shows
partial lead coating of
surface.Magnification 2X,

Fig.27.~ Alloy 30 1V(test bearing
under staticj
M 10ad with p=-300 kg/cm®,showing com-
B plete destruction of bearing sur~ §
face by heavy scoring and scouring.

EMagnification 2X.

State after tes

i Fig.28.-~ Alloy 30 I (test bearing
State after 13 hours test

kg/cm®,showing numerous net-like
§ cracks,also numerous pores and
light scorings.Megnification 2X.

Figs.21,22,23,24,25,26,27,28

Fig 23 - Alloy 40 1 (test

bearing 942).State of bear-

ing after test run under
éc load up to p=550
Kg/cm ,showing light and
some heavier scoring.
Magnification 2X.

Fig.26.- Alloy 20 III{test
bearing 1231). State of the
unloaded zone after dry run
under dynamic load with p=
250 kg/om®,showing numerocus
fractures and scars,also a
few light and heavy scor-
ings. Megnification 2X.

PR
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Figures 31,32.- Alloy 30 I (test bearing 933). Shows crater-like

enlargement of pores in the running surface in the
end zone of lead segregations. (The micro-photographs show cuts
parellel to the direction of rotation so that the cevities do not
jllustrate scorings in the surface.) In illustration 32, the cut-
ting surface is made close to the entrance of the segregation into
the running surface. Megnification 200X.

Figure 34.- Alloy 20 1I.
Pigures 34,35.- Crack forming of a finished bearing surface after two months
storage. Magnification 2X.

Figure 36.- Alloy 20 I. Figure 37.- Alloy 30 I.
Pigures 36,37.- Crack forming of a finished bearing surface after heating
to 160° C . Megnification 7.5X.
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Figure 38. 777 Figure 39.

Figures 38,39.- Cracks within the alloys Figure 40.- Crack within
illustrated in figures 34 the tested

and 35 made of alloys 20 I and 30 I. bearing material made of

Magnification 50X. alloy 30 I (bearing 933).

Megnification 200X.

i Figure 42,.- Local lead collection
Figure 41.- Cracked surface of in the running surface

bearing 846, meds created by a foreign vody during
of alloy 40 IV (42% Pb,28% Fe). an endurence run. (The foreign
State after 68 hours of dynamic part is visible next to the damaged

test at p=~250Kg/cm2. part of the surface.)
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